[1] In this study, ionospheric solar flare effects on the total electron content (TEC) and 7 associated time rate of change (rTEC) derived from ground-based global positioning 8 system (GPS) receivers in the midday region are examined. The occurrence times and 9 locations of 11 solar flares are isolated from the 1-8 Å X-ray radiations of the 10 geosynchronous operational environmental satellite (GOES) and the SOHO Extreme 11 Ultraviolet Imaging Telescope (EIT) images, respectively, while the TEC and rTEC are 12 obtained from the international GPS services (IGS). Results show that the maximum value 13 of the TEC increase solely depends on the flare class, while the maximum value of 14 the rTEC increase is related to not only the flare class but also the time rate of change 15 in flare radiations. A statistical analysis further demonstrates that the two maximum values 16 are inversely proportional to the cosine of the great circle angle between the center and 17 flare locations on the solar disc. [Mitra, 28 1974]. The disturbances have important effects on radio 29 communications and navigations over the entire radio 30 spectrum [Davies, 1990] . Davies [1990] reviewed that 31 SIDs were generally recorded as the short wave fadeout 32 [Stonehocker, 1970] , sudden phase anomaly [Jones, 1971; 33 Ohshio, 1971], sudden frequency deviation (or frequency 34 shift; Doppler shifts) [Donnelley, 1971] (Table 1) , including the greatest flare of class JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, XXXXXX,
[2] Sudden ionospheric disturbances (SIDs) result from 23 an interaction of solar flare radiations with constituents of 24 the upper atmosphere, which form a major part of flare 25 monitoring program in many observatories. The ionospheric 26 solar flare effects or SIDs provide an interest in the reaction 27 of the ionospheric plasma to an impulsive ionization [Mitra, 28 1974] . The disturbances have important effects on radio 29 communications and navigations over the entire radio 30 spectrum [Davies, 1990] . Davies [1990] reviewed that 31 SIDs were generally recorded as the short wave fadeout 32 [Stonehocker, 1970] , sudden phase anomaly [Jones, 1971; 33 Ohshio, 1971] , sudden frequency deviation (or frequency 34 shift; Doppler shifts) [Donnelley, 1971] , sudden cosmic 35 noise absorption [Deshpande and Mitra, 1972] , sudden 36 enhancement/decrease of atmospherics [Sao et al., 1970] , 37 and sudden increase in total electron content (TEC) 38 [Mendillo et al., 1974; Davies, 1980] . In the early years, 39 the most common technique to study the ionospheric solar 40 flare effects is to examine Doppler (frequency) shift in 41 signals transmitted by Doppler sounding systems. However, 42 owing to the high-frequency band (HF, [e.g. 43 Hunsucker, 1991] used, the Doppler sounding system 44 observation generally suffers from the short wave fadeout 45 and often no data was recorded even during the midway of 46 the flare occurrence [e.g., Davies, 1990; Liu et al., 1996a] .
[3] To simultaneously monitor a large area of the iono- [Sardón et al., 1994; Leick, 1995; Liu et al., 58 1996b] . Meanwhile, owing to the transmitted frequencies [5] For a Doppler sounding system, the frequency devi-92 ation Df D from the operating (or transmitting) frequency f is 93 proportional to the rate of change of phase path of the signal 94 and is given by [Bennett, 1967] 
96 where m is phase refractive index and a is the angle between 97 the wave normal and the ray direction. Tx and Rx denote the 98 transmitter and receiver antennas. Here c is light speed in 99 free space, N represents the ionospheric electron density, 100 and s denotes the integration along the radiowave path from 101 Tx to Rx. Since dm/dN is a negative quantity, Df D is then 102 proportional to dN/dt.
103
[6] In practice, flare radiations, often with a broad spec-104 trum, ionize the whole ionosphere and enhance the electron 105 density within it, which also results in altitude descending 106 of the reflection point P R of signals transmitted by 107 a Doppler sounding system. Thus equation (1) can be 108 rewritten as
110 Note that the P R descending means the phase paths between 111 Tx and P R as well as P R and Rx being shorten, which in turn 112 gives the Df D to be positive (increased).
113
[7] On the other hand, Liu et al. [2004] proposed that the 114 two quantities, the TEC and its time rate of change, rTEC, 
155
[11] Figure 2 shows that temporal variation in the increase 156 TEC change DTEC and X-ray as well as those in rTEC and 157 rX-ray are well correlated, respectively. It is surprised to 158 find in Figure 2 that the maximum value 14.71 TECu of the 159 TEC increase (DTEC M ) of the X17.2 flare is much greater 160 than that 4.50 TECu of the X28 (Figures 2a and 2c) . 161 Similarly, in Figures 2b and 2d , while the X28 has a greater 162 value in the maximum time rate of change of the X-ray 163 radiations, rX-ray M (31.4 versus 14.0 mWatt/m 2 s), the 164 X17.2 yields a greater value in the maximum time rate of 165 change of the TEC, rTEC M (2.29 versus 0.34 TECu/30s). 166 To resolve this puzzle, we further examine DTEC M versus 167 flare class (or X-ray M ), rTEC M versus flare class, and 168 rTEC M versus rX-ray M for all the events (Figures 3a, 3b , Figures 3b and 3c represent the regression fitting lines using the whole data set, and the dotted lines represent the fitting lines without the outlier data point, the X17.2 flare. The solid lines represent the fitting lines without outlier and influential data points, the X20 flare in Figure 3b and the M9.3 flare in Figure 3c .
[15] The regression analysis for the eleven pairs of data 
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[17] In Figure 3c , the regression analysis produces 
